ABSTRACT. Managing human-dominated landscapes such as agroecosystems is one of the main challenges facing society today. Decisions about land-use management in agroecosystems involve spatial and temporal trade-offs. The key scales at which these tradesoffs occur are poorly understood for most systems, and quantitative assessments of the services provided by agroecosystems under different combinations of land uses are rare. To fill these knowledge gaps, we measured 12 ecosystem services (ES), including climate regulation, gas regulation, soil stability, nutrient regulation, habitat quality, raw material production, food production, fishing, sports, recreation, education, and social relationships, in seven common land-use types at three spatial scales, i.e., patch, municipality, and landscape, in a riparian floodplain in Spain. We identified the provision of each ES in each land-use type either by direct measurement or from public databases. We analyzed the interactions, i.e., trade-offs and synergies, among ES across land uses and spatial scales and estimated ES provision in several land-use change scenarios. Our results illustrated that each land-use type provides unique bundles of ES and that the spatial scale at which measurements were taken affected the mixture of services. For instance, a land-use type with low provision of services per hectare but with an extensive area can supply more services to the overall landscape than a land-use type supplying higher values of services per hectare but with a smaller extent. Hence, riparian forest supplied the most service of any landuse type at the patch scale, but dry cereal croplands provided the most services across the municipality and landscape because of their large area. We found that most ES should be managed primarily at the patch scale, but food production, fishing, and social relationships were more relevant to manage at the municipality scale. There was great variability in ES interactions across scales with different causes of trade-offs at each scale. We identified more significant synergies among ES than trade-offs. Trade-offs were originated because some services were mutually incompatible within a given land use, whereas the provision of others depended on land-management decisions within a land-use type. Thus, we propose a classification of ES interactions that incorporates societal values as drivers of management decisions along with biophysical factors as likely causes of ES trade-offs and conclude with practical suggestions to reduce trade-offs and to enhance the supply of multiple ES to society.
INTRODUCTION
Agroecosystems are managed to fulfill basic human needs, such as food and raw materials (Zhang et al. 2007) . They occupy 40% of the global terrestrial surface (FAO 2009 , as cited in Power 2010 , of which 3.5% are on floodplains (Tockner and Standford 2002) . Floodplains sustain a large portion of the world's food production thanks to their nutrient-rich and water-abundant soils. Indeed, great parts of floodplains' extent are dedicated to agricultural production, from 11% in African rivers to 79% in European rivers (Tockner and Standford 2002) . Current pressure on floodplain agroecosystems to feed the growing human population is leading to major environmental degradation, including deforestation, soil erosion, nutrient leaching and water abstraction, diversion, and pollution (Simoncini 2009 ). This is especially important given that floodplains are one of the most endangered habitats and biodiversity hotspots while still the second highest worldwide attraction for housing developers (Moss and Monstadt 2008) . Floodplains are key ecosystems for land managers because of their important role in food supply, human settlement, and biodiversity conservation.
Decisions about land-use planning, in floodplains and elsewhere, generally involve spatial and temporal trade-offs for society and ecosystems (Box 1). Consequences of these trade-offs need to be assessed across temporal and spatial scales by policy makers prior to management actions such that managers can make effective decisions (Rodríguez et al. 2005 , Cabell and Oelofse 2012 . Such assessments are paramount to maximizing human well-being, enabling adaptive management, and improving resilience in the social-ecological system (Carpenter et al. 2005) . The spatial patterns of social-ecological systems, e.g., the number, location, and relative proportion of different land-use types, can vary at differing spatial scales, which can then influence ecological functions (Pringle et al. 2010 ).
Repercussions of outcomes at a particular spatial scale may affect biodiversity and ecosystem conservation, as well as stakeholder interests and institutional responsibilities (Hein et al. 2006) . Thus, to make effective land-management decisions, baseline data about the biophysical and social settings are required at the spatial scales of the decisions being made (DeFries et al. 2004 , Nicholson et al. 2009 ). Effects of management actions may have different results across spatial scales (Concepción et al. 2012 ), e.g., at the individual patch level compared to a municipality, or entire landscape. Therefore high quality local data and multiscale analyses are fundamental to design adequate management plans, understand the trade-offs they encompass, and facilitate decision making (Carpenter et al. 2009 ).
To orient decision makers to identifying trade-offs and synergies in land-use planning, many studies have applied the concept of ecosystem services (ES; Costanza et al. 1997 , de Groot et al. 2002 , i.e., the benefits humans obtain from ecosystems, such as clean air, water, food, raw materials, and recreation (Rose and Chapman 2003 , Bennett and Balvanera 2007 , Barral and Maceira 2012 , Rathwell and Peterson 2012 . The amount of each ES supplied in a given area depends on both the per hectare provision of service by land-use type and the total amount of each land use found in the study area. Moreover, ES do not operate independently from each other (Pereira et al. 2005 ), but they interact in trade-offs and synergies. There is also evidence that ES act differently across both spatial and temporal scales (Swift et al. 2004 , Rodríguez et al. 2005 , Power 2010 , and that land-use patterns affect ES provision (Mitchell et al. 2013) ; however, the key scales for ES management still remain poorly understood (Hein et al. 2006) . Most studies of multiple ES use GIS and satellite images (Kreuter et al. 2001 , Konarska et al. 2002 , Chen et al. 2009 ), global databases Frank 2006, Tianhong et al. 2010) , or models to estimate ES provision (Nelson et al. 2009 , Goldstein et al. 2012 . Few studies however, have gathered local data across land uses (but see Raudsepp-Hearne et al. 2010) , despite evidence that these data are critical to accurate assessment of service provision (Eigenbrod et al. 2010) .
Floodplains contribute to the provision of more than 25% of all terrestrial ES (Tockner and Standford 2002) . Therefore, understanding ES interactions in floodplain agroecosystems is an important challenge in ecology. Understanding how floodplains can be managed across spatial scales to deliver multiple ES could enhance the supply of ES to society, providing land managers with decision-making tools to reach win-win or small loss-big gain solutions (DeFries et al. 2004 ) for policy making.
We aim to identify: (1) how the supply of a set of ES changes across land-use types and spatial scales in a floodplain; (2) which trade-offs and synergies are common or different in each landuse type and across spatial scales; and (3) how land-use change might affect the provision of ES. We evaluated 12 ES in 7 landuse types identified within a river floodplain at multiple spatial scales, i.e., patch, municipality, and landscape, using ecological indicators. We illustrate significant differences in the supply of ES across land uses, spatial scales, and alternative scenarios; and we analyze their interactions, i.e., trade-offs and synergies. Finally, we discuss major questions on ES interactions and suggest practical land-use management applications.
Box 1. Definitions applied to ecosystem services.
Trade-off: Situation in which land use or management actions increase the provision of one ecosystem service and decrease the provision of another. This may be caused by simultaneous responses to the same driver or caused by true interactions among services (Bennett et al. 2009 ).
Synergy: Situation in which the combined effect of a number of drivers acting on ecosystem services is greater than the sum of their separate effects (adapted from Carpenter et al. 2005) . In other words, a synergism occurs when ecosystem services interact with one another in a multiplicative or exponential fashion (Rodríguez et al. 2006) . These can be positive, i.e., multiple services improving in provision, or negative, i.e., multiple services declining in provision.
METHODS

Study site
The study area is the floodplain of the Piedra River in central Spain (Fig. 1) . The Piedra River is 76 km long and the watershed covers an area of 922.72 km². The river floodplain ranges from 50 to 300 m wide and occupies 19.3 km². It is composed of 12 municipalities in which 1539 people live permanently (Table 1) , although the population can double during the summer (Felipe-Lucia 2012). The floodplain is commonly split into three parts, i.e., upper, central, 
Data gathering and analyses
We selected 12 ES to measure based on their importance for the ecological functioning of a river floodplain (see Harrison et al. 2010 ) and our ability to assess them in the study area (Table 2) . We estimated the provision of these ES in seven different landuse types common to the Piedra River floodplain (Table 3) . We measured the area of each land-use type using the latest Spanish crop and land-use digital map (Ministerio de Medio Ambiente Y Medio Rural y Marino 2009) with ArcGIS 10 (ESRI 2012) and validated these measurements with field observations. We assessed ES at three spatial scales, i.e., patch, municipality, and landscape, in which municipality scale comprises the portion of each municipality within the river floodplain, ranging from 0.5 to 3.4 km² in area and including several land-use types, and landscape scale refers to the entire floodplain of the Piedra River catchment.
To assess ES provision, we either estimated the ES indicators directly or obtained the values for ES indicators from public databases ( Table 2 , see Appendix 1 for details). For directly sampled ES, we surveyed three 0.5 ha patches in representative sites of each land-use type distributed throughout the river floodplain. Within each of these patches, three floodplain-wide transects perpendicular to the river channel were established 25 m apart. The appropriate indicators were measured at 1 m, 5 m, and 15 m away from the river along each transect. These values were averaged to determine the overall mean provision of services in that land-use type at the patch scale. Data obtained from databases were available as average values per hectare by land-use type, except for the services of fishing areas and sports, which were available as mapped trails and their length was measured using GIS tools.
For regulating, supporting, and provisioning services, we first quantified ES provided within individual patches of unique land use, and used this data to estimate total provision at the municipality and landscape scales based on the total area of each land-use type at each of these scales. Thus, to scale from the patch http://www.ecologyandsociety.org/vol19/iss1/art20/ Cultural services were measured at the municipality scale, rather than the patch, and therefore cultural ES were downscaled from the municipality scale to the patch scale by dividing the ES value per municipality by the extent of each land use within each municipality, and averaging. To scale up cultural ES to the landscape, ES values at the municipality scale were aggregated by land-use type (further information about spatial scale adaptation is provided in Appendix 1).
To determine the key spatial scale to manage land-use planning based on the provision of ES, we compared the amount of each service provided relative to other services across the patch, municipality, and landscape scales. To do this, we estimated the proportion of each land-use type at each spatial scale and multiplied it by the ES provision values of each land-use type at its corresponding scale (Table 3) . We expected this scaling technique to be useful to discriminate the provision of ES by a range of land-use types at different spatial scales because landuse extension is independent from municipalities and the landscape. Finally, to simulate scenarios in which a single land use occupied the entire floodplain landscape, we multiplied the ES supply per hectare of each land-use type by the extent of the floodplain landscape.
We plotted these results using the graphics package (Murrell 2005) of the statistical software R (R Development Core Team 2012).
To detect significant differences in the provision of ES among the studied land uses and spatial scales, we performed generalized linear mixed models (GLMM) fitted with the Poisson family distribution using the 'lme4' R package (Bates et al. 2012) . For this, we estimated each ES (response variable) as a function of the interaction between land-use type and spatial scale (categorical variables). Models were validated by checking the model residual plots (Zuur et al. 2009 ). We performed multiple comparison tests ('multcomp' R package; Hothorn et al. 2008) and figures plots ('effects' R package; Fox 2003) to determine significant differences among the means. Finally, to test the significance of ES interactions and their directions, i.e., positive or negative, Spearman correlation from the 'AED' R package (Zuur et al. 2009 ) was applied. Interactions were considered significant positives, but not necessarily synergies, when r² > 0.5 and significant negatives, and thus, trade-offs, when r² < -0.5. We also considered the interactions among ES by each land-use type separately using the same techniques.
RESULTS
Changes in the supply of ecosystem services across land-use types and spatial scales
Each land-use type in our study provided unique mixtures and quantities of ES, but some land uses did not provide some ES, for example, urban areas did not supply nutrient regulation. We also noticed that the importance of each land-use type in supplying ES varied across the spatial scales studied (Table 4 ; see also Appendix 2, Fig. S1 ). For instance, at the patch scale, riparian forest supplied more soil stability, nutrient regulation, habitat quality, sports, recreation, and education than any other land-use type. Similarly, fruit groves supplied more climate and gas regulation and raw materials. However, at the municipality and landscape scales, the key service suppliers changed, primarily because of the amount of land in each land-use type. So, for example, dry cereal cropland supplied the most climate regulation, soil stability, nutrient regulation, habitat quality, food production, and social relationships across the whole landscape, whereas fruit groves were the main supplier of gas regulation. Riparian forest also supplied the most sports, education, and recreation at the municipality and landscape scales.
Across all three spatial scales, three land uses consistently supplied ES in larger amounts than other land uses. They were riparian forests, i.e., ES provided largely in riparian forests were sports, recreation, and education; fruit groves, i.e., gas regulation and raw materials; and dry cereal crops, i.e., social relationships. These land uses remain important across scales because they either supply an elevated level of service or cover a fairly extensive area. Further information about the supply of ES by each land use across spatial scales is depicted in Appendix 2 (Fig. S1 ).
In addition, the comparison among spatial scales about their relative provision of ES showed larger values for most ES at the patch scale, suggesting this is the key scale to manage ES in our study area. However, values of food production, fishing, and social relationships were larger at the municipality scale ( Fig. 2 ; see also Appendix 2, Fig. S2 , Tables S1-S3).
Simulated scenarios
Simulating scenarios in which a single land use occupied the entire floodplain landscape of the study area resulted in a large range of variation in ES provision. We observed that a landscape composed completely of the riparian forest would increase the widest variety of ES, namely, habitat quality, nutrient regulation, soil stability, and the majority of cultural services; a landscape specialized in fruit groves would have high levels of gas and climate regulation and raw materials production; a landscape covered by irrigated cereal crops would maximize food production; and a landscape dedicated to dry cereal crops would enhance social relationships (Fig. 3) . Because of the differences in services provided across different land-use types, ultimately, preserving a mixture of land-use types is critical to providing a mixture of services in the landscape. Note that the majority of ES are delivered at patch scale, and only food production, fishing, and social relationships areas are supplied mainly at municipality scale. Pie size represents the relative value in relation to the reference pie chart (the maximum value of the data). Note that empty slices represent the minimum relative value to the contribution of that particular ES.
Ecology and Society 19(1): 20 http://www.ecologyandsociety.org/vol19/iss1/art20/ Fig. 3 . Ecosystem services (ES) scenarios analysis in which we compare the maximum supply of ES by each land use assuming each one occupies the whole floodplain landscape. Pie size represents the relative value in relation to the reference pie chart (the maximum value of the data). Note that empty slices represent the minimum relative value to the contribution of that particular ES. (Abbreviations: AC = abandoned crops; DC = dry cereal crops; FG = fruit groves; IC = irrigated cereal crops; PG = poplar groves; RF = riparian forest; UA = urban areas). Ecosystem services interactions: trade-offs and synergies across spatial scales and land-use types Relationships between ES varied across spatial scales. That is, some interactions, as measured by correlation, between ES were significant only at a single scale whereas others were significant at multiple spatial scales. Across scales, 21% of ES interactions varied in significance and 19% reversed from positive to negative or vice versa. The significant interactions between ES were 96% positive and just 4% negative (Table 5) . However, only four of the significant positive interactions were consistent across all three spatial scales: the synergies among soil stability, nutrient regulation and habitat quality, and the synergy between recreation and education. Significant negative interactions were only observed between climate regulation and two other services, fishing and sports, at the patch scale. Finally, we found the largest number of significant positive interactions between ES at the scale of the municipality, especially between cultural and provisioning services.
Including the land-use type as a factor in ES interactions revealed that the only significant correlations were between cultural services, and they were all positive. Surprisingly, urban areas were the only land use in which all cultural services correlated among them. In riparian forests, fishing, recreation, education, and social relationships were also correlated. Finally, fishing and sports were correlated in all land uses except in riparian forest and abandoned crops (Table 6 ).
DISCUSSION
The results of our study support regional-level studies in finding that the supply of ES varies significantly among land-use types and across spatial scales. The variation in the ES supply derived from land-use change has been assessed over time regionally (Zhao et al. 2004 , Helian et al. 2011 , Carreño et al. 2012 ), but few works have compared the supply of multiple ES across multiple land-use types (but see Metzger et al. 2006) , and even fewer have done so at a local scale. Our work also supports previous work illustrating that the scale of analysis can alter our understanding of ES provision (Chan et al. 2006 , Hein et al 2006 , because the cover of land-use types can change the types and quantities of ES provided at different scales. Ecosystem services (ES) that are prominent in a small-scale analysis may be insignificant at a larger spatial scale if the land-use type responsible for their provision is scarce. For example, in our study, habitat provision in riparian forests was very important at the patch scale, but its relevance was almost negligible at the landscape scale because of the small area riparian forests occupy in the floodplain. Likewise, climate regulation by a particular land use may seem unimportant at the patch scale, but become highly relevant when scaled up to the landscape scale because of a large area covered by that land use. Thus, the extent of any single land use at each spatial scale conditions the amount of service provided. Similarly for ES interactions, the spatial scale conditioned the scope of interactions. In our study area, only four interactions between ES remained consistent across spatial scales, highlighting the stability of some interactions. However, the majority of ES interactions changed across scales, indicating that there is no single relevant scale for analyzing ES interactions.
Although Raudsepp-Hearne et al. (2010) suggested that municipalities are a good scale at which to analyze ES interactions, in our multiscale study most ES interactions changed across spatial scales either in significance or in direction (positive vs. negative). This diversity of findings suggests that scientists and decision makers should be aware of the spatial scales at which ES are measured and managed (Daily 2000 , Carpenter et al. 2005 , de Groot et al. 2010 . Although as many ES and interactions as possible should be analyzed for ES and trade-offs assessments, considering at least two spatial scales is key for decision making to assure that repercussions of management actions will stay consistent and will not reverse their effects once upscaled or downscaled. Better still, management actions should be adapted to each specific spatial scale (Aviron et al. 2009 ). For instance, we encountered difficulties in measuring cultural ES at the patch scale because the information about these services is typically available at the municipality scale. Thus, data had to be downscaled, causing a potential loss of ecologically meaningful data. Moreover, given that many cultural services are influenced by municipal regulations, e.g., access to paths, recreational and fishing areas, establishment of educative panels, etc., it is advisable to measure and manage them at the municipality scale. Trying to Table 6 . Interactions between ecosystem services (ES) across land uses. Note that only significant interactions are shown. All of them were positive, and they were only found among cultural services. (Abbreviations: AC = abandoned crops; DC = dry cereal crops; FG = fruit groves; IC = irrigated cereal crops; PG = poplar groves; RF = riparian forest; UA = urban areas). manage such services at a large scale, e.g., landscape, may lead to disagreement among government bodies. However, ES such as provisioning services are more amenable to management at the landscape scale despite information being typically available at both patch (per hectare values) and municipal or regional scales, because they greatly influence the landscape features in agroecosystems, and thus, the provision of services at the landscape scale. Therefore, understanding which services respond better to each particular spatial scale is useful for ES management. Matching the appropriate scale to both ES and trade-off analyses is important when payment schemes to protect ES or to encourage sustainable agriculture are to be implemented. Studies carried out in this respect were not able to assure that schemes to enhance ES in agricultural landscapes had the same positive effects locally as regionally or at the national scale (Kleijn et al. 2006) . Similarly, field-scale actions did not have the same effects locally as at the landscape scale (Concepción et al. 2012 ). As we have shown, they argued that this was related to the extent of land-use types under these schemes. This is especially critical when consequences of land-use policies affect millions of people (Carreño et al. 2012) , such as the Common Agricultural Policy in the European Union, which incentivized agricultural intensification but has also led to a decrease in biodiversity in agricultural landscapes (Tilman et al. 2002) .
ES
We quantified the existence of trade-offs in the supply of ES, as has been posited by many authors (Rodríguez et al. 2006 , Nelson et al. 2009 , Laterra et al. 2012 We expect this classification would be applicable to other ecosystems for trade-offs analysis. Knowledge about the driving forces that provoke trade-offs can improve management for multiple ES. Biophysical trade-offs can often be reduced through specific biophysical management plans within a land-use type. For example, adequate pruning makes raw material production compatible with food production in fruit groves (Table 7 , example 1) or with habitat quality in riparian forests (Table 7 , example 3). Note that our results exposed the raw material production of fruit groves as a potential value, i.e., neglecting their use as fruit production. Moreover, when simultaneous gain is difficult to achieve, biophysical trade-offs can still be managed for suboptimal but compatible valuable gains (Chan et al. 2006 , Trabucchi et al. 2013 . Social trade-offs might be managed by considering the mix of land-use types. For example, as shown in Tables 5 and 6 , most cultural services can be supplied concurrently with other ES (see also Martín-López et al. 2012 ).
Because of the high degree of synergies that involve cultural services, the possibility for enhancing the supply of a bundle of ES through promotion of cultural services exists in many municipalities. In our study area and probably in other river floodplains used for agricultural purposes, reopening public paths between the river and the field crops would enhance the supply of a bundle of cultural services yet causing minimal reductions in crop yield. Although synergies are more difficult to identify because significant positive correlations do not always mean that provision of one ES empowers supply of another (Table 7 , examples 6-7), exploring in detail which ES or land uses correlate positively or present synergies improves the likelihood that we can enhance the total supply of ES in a targeted area. For example, promoting educational services together with recreational sites will increase the likely use of both services, enhancing the delivery of benefits to society.
Agroecosystems cover a large portion of the terrestrial surface of the Earth. As such, we cannot afford to manage them only for provisioning services because their management will condition the ES provision of the whole system. Rather, they should be managed to deliver multiple ES Balvanera 2006, Harrison et al. 2010) , enhancing especially the provision of services of those land uses covering the larger extents of the agroecosystem. To achieve this goal, research on ES compatible with agroecosystems is crucial to improve our understanding of land-use interactions . A more comprehensive study would likely be required to set the management policies in the area. However, we can already suggest that for the Piedra River, and similar floodplain agroecosystems, a mosaic of habitats comprising productive crops, poplar groves, fruit groves, and restored riparian habitats would increase the supply of ES and the resilience of the floodplain ecosystem, minimizing trade-offs and creating synergies for cultural services, which could ultimately foster rural agritourism, preserve local crops and livestock varieties, promote local products, create jobs, and eventually prevent village depopulation.
CONCLUSION
Each land-use type in the Piedra River floodplain provides ES in unique quantities. Thus, preserving a mixture of land-use types is critical to providing a mixture of services. The amount of each ES supplied in a given area depends on both the per hectare provision of service in a given type of land use and the total area of each land use. The relative importance of each land-use type in supplying ES and the significant interactions among ES change depending on the spatial scale at which measurements and analysis are done. Thus, it is critical to pay careful attention to the scale of analysis considered and its impact on the conclusions. Finally, societal values, as drivers of management decisions, should be studied along with biophysical factors because they likely cause trade-offs between ES and should be considered in management plans. Uncovering the driving forces that provoke trade-offs and exploring which ES or land uses present synergies, such as those shown between cultural services in many municipalities, will enhance land managers' ability to manage ES bundles.
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Nutrient regulation
Soil samples (0.5 kg) were taken from the topsoil (0 -15 cm). Three samples were taken along a river transect perpendicular to the river channel and three transects replicates were taken in each plot. Three plots replicates were sampled by land use except for urban soils. Soils were dried, sieved and milled prior to lab analyses. Total
Nitrogen was measured using a macro elemental analyzer (Vario Macro Max CN) and results were expressed in concentration (ppm). Soils were first surveyed in September 2010 and replicated in July 2011 and July 2012.
Habitat quality
Habitat quality was evaluated using the Riparian Quality Index (González del Tánago et al. 2006) . Three replicate plots per land use were sampled during the field campaigns between July 2010, July 2011 and July 2012.
Raw materials
Annual growth rates per plant species were obtained from a national database (Montero 2005 , CITA 2008 ) which calculated the annual growth as tons of biomass tons per hectare, considering that Biomass = Correction factor x timber diameter. Grass species are not supposed to accumulate any biomass annually, because they grow up, die and get decomposed, and thus the annual balance equals zero (CITA 2008) . Other woody species and woody formations were calculated individually by plant species.
Food production
Yield values for the crops growing within the study area were obtained from national databases statistics (Instituto Nacional de Estadística, updated on 30 October 2012) expressed as kilograms per hectare and multiplied by the crop caloric value (kilocalories per 100 grams). The ES value is expressed as kilocalories per hectare.
Fishing
Available fishing stretches for recreational use at the river Piedra were obtained from the fishing regulatory policy of 2012 for the Autonomous Community of Aragon (BOA 2012) and drawn using GIS tools (ArcGIS 10.0, ESRI). Fishing available stretches were computed for both riversides. Stretches were converted into polylines, their perimeters calculated and summarized into stretches available or unavailable for fishing. Polylines were converted into polygons and intersected to the land use cover with a buffer of 10 m to add both the land use and municipality information of each stretch of the river. Then lengths were recalculated. Total length across river stretches of each land use type was used as an indicator at landscape scale. Average values by land use type across municipalities were used as an indicator at landscape scale. The length of the river across each land use type in relation to the total length of the river (i.e. including areas unavailable for recreational fishing) and in reference to a 1 hectare patch (a patch of 100 meters of side) was used as an indicator at patch scale (i.e. Fishing at land use x = (Total length of land use x / Total length of the river)*100).
Sports
Tracks of post-signed and user-designed paths were downloaded from both the local tourist office website and wikilocs (http://senderos.turismodearagon.com and www.wikiloc.com, respectively; date of reference: 12 October 2012) following Trabucchi et al. (2013b) . Tracks around the study area were unified using GIS tools (QGIS, Quantum GIS Development Team), and overlapped to the study area viewshed. 
Education
The number of notice boards with information about the ecosystem of the study area was counted in situ per land use and municipality in August 2012. To calculate the average number of notice boards per hectare of land use, the total number of notice boards of each land use was divided by the total number of hectares that each particular land use occupies within the study area.
Social relationships
The number of local associations related to the use of nature (either for conservation or for agriculture) per municipality within the study area was counted in August 2012.
Downscaling to patch scale was estimated as follows,
where Assoc X is the average number of local associations related to the use of nature at land use x; A is the number of local associations at municipality i; S are hectares of municipality i within the study area; X are hectares of land use x within the study area at municipality i; and n is the number of municipalities. Figure S1 . ES scaling methods. The figure represents the scaling techniques used to obtain the values of ES provision by land use types (land use A, as an example) at three spatial scales (patch, municipality, and landscape). Assessment of regulating, supporting and provisioning services (black arrows, case 1) starts at the patch scale, and assessment of cultural services (greys arrows, case 2) starts at the municipality scale. In case 1 (e.g. Nutrient regulation), we sampled three patches per land use type (figure i) shows patch 1 of land use A) collecting 9 soil samples (red dots) per patch to analyze total nitrogen content as a proxy of the ES. We averaged values within each patch and across the three patches of land use A to obtain a unique value of the ES at the patch scale. To scale up to municipality (small black arrow, equation (1)), we used the average value of land use A at the patch scale (i.e. 0.15) and multiplied it by the cover of land use A at municipality 1 (Mun1, see Land cover table on the right; i.e. 0.15x1.91=0.29). We did the same with each municipality and averaged values to obtain a single value of ES provision by land use A at the municipality scale (i.e. 0.26). We started from the patch scale again to scale up to landscape (large black arrow, equation (2)). We used the average value of the ES for land use A and multiplied it by the total cover of land use A in the landscape (i.e. the sum of the cover of land use A across the three municipalities; 0.15x5.22=0.78). In case 2 (e.g. Education), we counted the number of educational sites within land use A in each municipality (figure ii) shows municipality 1). We scaled down to the patch (small grey arrow, equation (3)) dividing the ES value of each municipality by the cover of land use A in that municipality (e.g. for municipality 1, 0.29/ 1.91=0.15). We averaged these values across the three municipalities to obtain a single value of ES provision by land use A at the patch scale (i.e. (0.15+0.00+0.15)/3=0.1). To scale up to the landscape (large grey arrow, equation (4)), we summed the ES values at land use A across the three municipalities (i.e. 0.29+0.00+0.50=0.79).
APPENDIX 2
Detailed information about the supply of ES by each land use across spatial scales. 
